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INTRODUCTION 
This is a report of a field study in which a highly 
conductive backfill was created by subsoiling or by 
trenching and backfilling directly over drains install~d 
6 years earlier. The primary purpose of the study 
is to evaluate the effect of backfill conditions on sub-
surface (pipe) drainage. The soil at the experimen-
tal site is a Toledo silty clay, and its drainage char-
acteristics are representative of many poorly drained 
clay soils of midwestern United States. During the 
period of the study, the site had a continuous vege-
tative cover of grasses and legumes. A companion 
paper will report similar investigations on an adja-
cent site cropped to grain. 
There are two primary reasons for establishing 
a highly conductive backfill. One is to reduce the 
hydraulic resistance in the immediate vicinity of pipe 
drains and thus permit more rapid entry of water. 
Cover materials such as coarse gravel and crushed 
stone are occasionally used to achieve this objective. 
The other is to provide a hydraulic connecto~ be-
tween pipe drains and shallow soil depths. In some 
cases the connector may join a permeable surface 
layer with the drain when they are separated by a 
relatively impervious subsoil. For other cases, the 
connector may facilitate the flow of water between 
shallow mole channels and deeper pipe drains. 
Considerable field research has been conducted 
to evaluate the effect of cover materials on decreasing 
the hydraulic resistance in the near vicinity of pipe 
drains. Rand ( 5) used gravel over pipe drains in a 
clay subsoil at Brooksby Hall in England. Taylor 
and Goins ( 7) evaluated crushed stone, corncobs, 
vermiculite, and wheat straw as cover materials for 
a clay subsoil in Ohio. Hopewell ( 3) · used gravel, 
wheat straw, and grass sod over pipe drains in New 
Zeal~nd. These three studies showed that little im-
provement in subsurface drainage can be expected 
from adding permeable cover materials in clay soils 
of the humid regions. · Apparently, refilling a trench 
with excavated clay soil provided sufficient perme-
ability for water entry into drains. · 
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Less research has been done on the use of a high-
1 y conductive backfill as a hydraulic connector. 
Trafford and Rycroft ( 10) studied the effect of a 
gravel layer over pipe drains on the performance of 
mole drains. Their studies showed that the gravel 
improved the performance of mole drains. Levesque 
and Hamilton ( 4) excavated trenches over previous-
ly installed pipe drains in a clay soil in Ontario, Cana-
da. The trenches were filled with gravel or peat. 
Neither material improved drainage and crop yield. 
The Toledo soil is one of the poorly drained clay 
soils in the Lake Plain region of Ohio and Michigan. 
These clay soils occur on nearly level topography and 
contain appreciable amounts of clay. The perme-
ability of the plow layer is usually many times greater 
than that of the subsoil. Both internal and surface 
. drainage are slow. Heavy rains may result in pond-
ing of depressional areas or saturating the plow layer 
for several days. Often these conditions exist where 
subsurface drains have been installed. 
A highly conductive backfill may improve the 
subsurface drainage of many poorly drained clay soils .. 
Fall plowing is a common practice for clay soils of the 
Midwest. Until seedbed preparation is carried out 
the following spring, the plow layer is usually very 
porous and permeable. Water can move quite read-
ily through the plow layer in a nearly horizontal di-
rection until the water table recedes to plow depth. 
Thus, a highly conductive backfill should be espe-
cially effective in removing excess water from the 
plow layer during this period. The effectiveness of 
the backfill at later dates would depend on the perme-
ability of the plow layer, and the latter will be strong-
ly influenced by tillage, equipment compaction, and 
structural stability of the soil. 
A highly conductive backfill is necessary for 
satisfa~tory performance of mole drains. The mole 
drains (channels) are formed with a special plow at 
depths of 50 to 60 cm, usually in soils that contain 
pipe drains. The mole channels are formed above 
and across the pipe drains. A highly conductive 
backfill permits rapid transmission of water from the 
mole channel to the pipe drain. 
The information given in this report is based on 
field studies initiated in 1977. These studies are still 
underway, and this paper reports the progress made 
from 1977 through 1979. A portion of the data re-
ported herein were given in an earlier publication by 
Taylor .et al. ( 8) . 
TABLE 1.-Physical Properties of Toledo Silty Clay at the North Central Branch, 
OARDC, as Reported by Schwab, et al. (6). 
Volumetric Moisture 
Bull< Content at 
Depth Density Indicated Sucti.on 
Horizon cm Sand Silt .Clay pH g/cm3 60 cm 15 atm 
Percent Percent 
Ap 0-20 3 46 51 5.8 1.22 41 21 
Big 20-32 3 43 54 6.4 1.39 42 25 
B21g 32-50 4 41 55 6.7 1.43 46 27 
B22g 50-75 3 38 59 7.0 1.45 46 28 
B2ag 75-95 2 40 58 7.0 1.48 44 30 
C11 95-125 5 48 47 7.2 1.49 43 28 
C12 125-160 3 45 52 7.5 1.40 25 
C2 160-175 3 44 53 7.5 
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These studies were conducted at the North Cen-
tral Branch of the Ohio Agricultural Research and 
Development Center. This branch is located about 
one-half mile from Sandusky Bay. The soil is a To-
ledo silty clay and requires subsurface drainage for 
consistently large crop yields. The soil is classified 
as a poorly drained, fine, illitic, Mollie Haplaquept. 
The clay content is approximately 50% in the plow 
layer and approaches 60% in the lower B-horizon at 
the 50-cm depth. A detailed analysis of the soil 
physical properties at the North Central Branch is 
shown in Table 1. 
The saturated hydraulic conductivity of this sojl 
decreases with depth, as reported by Hoffman and 
Schwab ( 2) and Taylor et al. ( 9). The following 
hydraulic conductivity values were reported by Taylor 
et al. ( 9). 
0-20 cm depth 3.2 to 5.5 cm per hour 
20-1 70 cm depth 0. 2 to 0.5 cm per hour 
These values apply for situations when the soil has 
been thoroughly wetted such as the spring months. 
The plow layer ( 0-20 cm depth) conductivity varies 
considerably with time, depending on tillage and soil 
compaction. 
The experimental site is an 0.8-hectare field with 
19 subsurface drain lines (Fig. 1). ·Only 13 drain 
lines were used in this study since the outlets for 6 lines 
were submerged. The latter condition was due to a 
higher elevation of Lake Erie than when the drains 
FIG. l .-Field layout of subsurface drainage system 
used in the studies. The symbols S0 , S11 and S2 represent 
subsoiling treatments while T 0 , T 11 and T 2 represent trench-
ing treatments. 
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were installed. These drains were installed in No-
vember 1971 with a floating-beam mole plow. The 
drains are 5-cm diameter corrugated plastic tubing, 56 
m long, installed at an average depth of 40 cm and an 
average grade of 0.1 %. A detailed description of the 
drainage facilities was reported by Fausey ( 1). The 
drains have six rows of slotted openings that are slight-
ly elliptical in shape. The slots are about 10 mm long 
and 1 mm wide. There are a total of 2 85 openings 
and 28 cm2 opening areas per meter length of drain. 
Prior to drain installation, the field was leveled 
in the direction of the drains. A slope of 0.3 % exists 
across the lines. No dikes were made between the 
drain lines, with the result that surface water cannot 
pond to any significant depth. All drains discharge 
individually into a drainage ditch where flow rates can 
be measured manually at the outlets. 
The field was plowed in March 1972 and planted 
to corn in May 1972. Following corn harvest, the 
site was again plowed in January 1973. Because of 
the rising level of Lake Erie, the site was too wet to 
plant corn in spring 1973. The site was disked sev-
eral times to control weeds and then seeded to wheat 
in October 1973 with an intercrop seeding of timothy 
and red clover. Since harvesting the wheat crop in 
July 1974, the field has not been farmed except to 
occasionally clip the clover, timothy, and volunteer 
grasses. A nearly complete vegetative cover has 
existed on the site since 19 7 5. 
EXPERIMENT AL 
Trenching and Backfilling 
Drains numbered 4 through 12 were used for 
the trenching and backfilling studies, with these 
drains spaced at 3, 6, and 12 meters (Fig. 1). The 
following three backfill treatments with the indicated 
symbols T 0 , T1, and Tz were established on August 
18, 1977: 
To Control-No alteration iri soil overlying the 
drains since installation in November 1971 
(Drains 4, 8, and 12). 
T, A trench excavated directly above and to 
within 5 cm of the drain and then back-
filled with the ex ca va ted soil (Drains 5, 7, 
and 10). 
T~ Same as Ti except trench was hand spaded 
to expose the upper one-third circumfer-
ence of drain before backfilling (Drains 6, 
9, and 11). 
For the Ti and Tz treatments, a 20-cm wide 
trench was excavated with a chain trencher over the 
entire length of the perforated drain line to an aver-
age depth of 5 cm above the drain (Fig. 2). To es·-
tablish the T '.? treatment, the trench was then hand 
5 
FIG. 2.-A trench is being excavated directly 
above an existing subsurface drain to establish treat-
ments Ti and T 2 • The trench width is 20 cm and its 
depth is approximately 35 cm. The excavated soil 
was used to fill the trench. 
spaded to a greater depth in order to expose the upper 
one-third of the drain line. The spaded soil was not 
removed from the trench but was left in a rough con-
dition. After 2 days the exposed trenches were back-
filled with the excavated soil by using a tractor-
mounted blade. The backfill was not compacted. 
The soil moisture content during trench excavations 
was near the lower plastic limit hut the soil did not 
adhere to the trencher blades. 
Before assigning backfill treatments to the 
drains, a uniformity analysis of flow rates was made 
for all drains. A comparison of the maximum flow 
rates was made under ponded flow conditions. The 
variation among flow rates for the nine drains was 
small (see Fig. 13, Appendix), and each backfill 
treatment was assigned to each of the three drain spa-
cings. For a particular spacing, the drains were se-
lected at random for the treatments To, T1, and T 2. 
FIG. 3.-Chisel plow used in subsoiling directly over the drains . For 
this study one of the two chisels was removed and the remaining one 
shifted to the center of the frame. 
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FIG. 4.-Effect of backfill treatments on drain flow rates for the irri-
gation of May 16. Each curve represents the average flo w rate for three 
drain lines. The symbol T 0 indicates unaltered backfill w hile T 1 and T 2 
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cm, respectively. 
6 
Subsoiling 
The following three subsoiling treatments with 
the indicated symbols S0, Si, and S2 were initiated on 
Oct. 7, 1977. 
So Subsoiling to a depth of 15-18 cm (Drain 
Number 2). 
sl Subsoiling to a depth of 25-28 cm (Drain 
1, 
Number 1); 
S2 Subsoiling to a depth of 33-36 cm (Drain 
Number 3). 
Subsoiling treatments were made with a single-
shank chisel plow shown in Fig. 3. For the S0 and Si 
treatments, a single run of the plow was made direct-
ly over the drain line at the indicated depth. For the 
S2 treatment, a first run of the plow was made at 
about 20 cm, followed by a second run in the same 
furrow at a depth of 33-36 cm. The soil moisture 
at the time of subsoiling was near the plastic limit in 
the subsoil but was drier in the surface layer. The 
subsoiled furrows were left in an open, rough condi-
tion. 
Procedure 
At various dates, drain flow rates were measured 
following excess water applications by sprinkler irri-
gation. The sprinklers were placed at a spacing of 
12 by 12 meters and provided an application rate of 
approximately 0.5 cm per hour. Prior to flow rate 
measurements, a pre-irrigation of about 3 to 5 cm was 
made to elevate the water table and initiate drain 
flo:w. Another irrigation was made the following day 
until all drains achieved a steady flow rate. At the 
end of each irrigation, there would be 15 to 80% 
ponding in the field. Drain flow measurements were 
made manually at the outlets with a bucket and stop-
watch. These measurements were discontinued 
when flow rates became too small to measure or 
showed only small changes with time. The percent-
age of the ground surface covered with water was 
estimated visually. 
Water table elevations at 20 m from the drain 
outlet were measured for T 0 and T2 treatments by 
using a series of 1.5 cm diameter perforated pipes in-
stalled to a depth of 50 cm. These pipes were in-
stalled at horizontal distances from the drain that 
were equivalent to 0, 1/10, 1/4, and 1/2 drain spa-
cing. The piezometric pressure head inside· the 
drains spaced at 6 m was measured by use of 1.5 cm 
diameter solid wall pipes that were installed about 
2 cm inside the drain and extended above the ground 
surface. The junction of the pipe with ·the drain 
wall was sealed with caulking compound. 
Irrigation and drainage water samples were col-
lected during an irrigation of Sept. 6, 1978, in order 
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to determine soil sediment and other residues. Addi-
tional samples were collected during a rainfall on 
April 13, 1979. A portion of the water sample was 
filtered through a micropore filter having openings of 
1 µ diameter. The sediments retained on the filter 
were oven dried and weighed. 
RESULTS OF TRENCHING AND BACKFILLING 
The flow data shown in Fig. 4 are typical of 
those obtained for each irrigation. The maximum 
(peak) flow rate for drains that were trenched and 
backfilled (Ti and T 2) exceeded those for drains 
without an altered backfill (T0 ) by a factor of 2 to 4. 
The peak flow rates always occurred at the time the 
irrigation ended. An exponential decline in flow 
rates was obtained as the ponded water disappeared 
over a period of 2 to 4 hours. As soon as ponding 
ceased, differences in flow rates among the three 
treatments became statistically insignificant. · 
During periods of surface ponding, both treat-
ments Ti and T2 gave greater flow rates than the To 
treatments; these differences being statistically sig-
nificant at the 1 % probability level. For the same 
per~ods, the T2 treatments gave greater flow rates 
than the Ti treatments, with these differences signifi-
cant at the 5% level. · 
The maximum drain flow rates obtained before 
and several dates after initiating the backfill treat-
ments are shown in Fig. 5. The large flow rates 
brought about by trenching and backfilling remained 
relatively unchanged for almost 2 years. There was 
no significant reduction in flow rates with time for the 
untrenched drains (To) or for drains trenched to 
within 5 cm of the drain and backfilled (Ti). A 20 
to 25% reduction in flow rate occurred after 90 
weeks for those drains where the altered backfill ex-
tended to the drain ( T 2) . 
The percentage ponding given in the upper part 
of Fig. 5 is the average value for drains 4 through 12 
when irrigation ended. The percentage ponding 
varied somewhat from one irrigation to another as 
well as within the field for a given irrigation. As 
might be expected, greatest ponding occurred where 
drains were spaced 12 m and least where the spacing 
was 3 m. Because of the increased drain flow rates 
due to backfill alterations, ponding did not exceed 
50% for three of the irrigations made subsequent to 
treatment establishment. 
A comparison of the amount of water removed 
by the three treatments under ponded and nonponded 
conditions is given in Fig. 6 for three irrigations. The 
interval of 4 hours following irrigation represents the 
max~mum time required for ponded water to be re-
moved for any irrigation. During the period of 
ponding, drains with an altered backfill ~emoved two-
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ence in the amounts of water removed by the three 
treatments. 
A comparison of water table drawdown for the 
drains with unaltered backfill (T0 ) and those altered 
to drain depth (T2) is given in Fig. 7 for the irriga-
tion of Sept. 25, 1978. There was no significant dif-
ference in water table drawdown between the two 
treatments. Since there was good surface drainage 
in the experimental area, ponded water could easily 
move downslope across drains. If dikes had been in-
stalled midway between drains, it is likely that draw-
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FIG. 7.-Water table drawdown for trenched (T 2) 
and untrenched drains (T 0) following t'he irrigation of 
Sept. 25, 1978. 
down would have been more rapid for the trenched 
drains. The shape of the water table for both treat-
ments is quite typical for these soils. The water 
table surfaces were essentially horizontal except in the 
immediate vicinity of the drain. 
The relationship between drain flow rates and 
water table elevation at the midspacing is shown in 
Fig. 8 for the T 0 drains. When there was ponded 
water or the midspacing water table elevation was 
within the upper 2-4 cm of the plow layer, the flow 
rates were relatively large. There was an exponen-
tial decline in drainage rates as the water table re-
ceded in the plow layer. Apparently the large flow 
rates resulted because ponded water flowed almost 
vertically downward in the region directly above the 
drain. While the data given in Fig. 8 are for drains 
with unaltered bCl:ckfill (T0 ), similar results were ob-
tained for the T 2 drains. The data for T 0 drains are 
shown here since these data were the most complete 
ones for drawdown. 
From measurements of piezometric pressure head 
inside the drains, it was found that the hydraulic ca-
pacity of the drains was so small that the full potential 
of the backfill treatments could not be evaluated. 
The pressure measurements were made for the T 0 and 
T2 drains at 6 m spacing for the irrigations of Sept. 6 
and 25, 1978. Both T 0 and T2 drains were flowing 
under positive pressures (i.e._, backpressure) for sev-
eral hours during both irrigations. The mean pres-
sure he.ad for the T 0 drain was 12, 8, 6, and 4 cm of 
water, respectively, at 0, 1, 2, and 4 hours after irriga-
tion. Comparable values of pressure head for the T 2 
drains were 39, 35, 7, and 5 cm, respectively. 
For purposes of comparison, a static reservoir of 
water extending upward from the drain to the ground 
surface would give a pressure head of approximately 
40 cm of water at drain depth. The maximum pres-
sure head that could develop inside the water-filled 
drain due to elevation differences is about 5 cm of 
water. Thus, the positive pressures inside the drains 
are primarily a result of positive pressures in the soil 
surrounding the drain. The greater pressures in the 
T 2 drains are undoubtedly a consequence of low hy-
draulic resistance in the backfill. 
When irrigations were made, sediment concen-
trations in the drainage water were quite small. Dur-
ing the period of maximum flow rates for the irriga:.. 
tion of Sept. 6, 1978, the average sediment concen-
trations were 9, 7, and 8 mg per liter, respectively, 
for the To, Ti, and T2 treatments. These small sedi-
ment concentrations are probably a consequence of 
low water application rates, the good vegetative cov-
er, and absence of tillage. 
Sediment concentrations were about 20-fold 
greater during rainfall on April 13, 1979. At the 
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time of sampling approximately 1.2 cm of rain had 
fallen and some ponding had occurred. The average 
sediment concentrations for the three drains were 
190, 200, and 180 mg per liter, respectively, for T 0, 
Ti, and T2 treatments. Respective drain. flow rates 
were 0.40, 0.60, and 0.60 m3 per day per meter length 
of drain. Differences in sediment concentrations for 
the three treatments were not statistically significant 
at the 5 % probability level. 
The relatively large sediment concentrations 
during rainfall are probl;lbly a result of high rainfall 
intensities that occur when vegetative cover is a mini-
mum and soil moisture contents are high. The com-
bination of these two factors favors soil particle de-
tachment and suspension. The sediment concentra-
tions for April 13 were only one-third as large as those 
obtained at the same time on an adjacent fall-plowed 
area (data not reported herein) . 
RESULTS OF SUBSOILING 
Each of the three subsoiling treatments brought 
about appreciable fracturing and loosening of the soil 
in the upper 20 cm. A vertical cross section of the 
furrow immediately after subsoiling can be seen in 
Fig. 9. The deepest subsoiling ( S2) resulted in the 
formation of an oblong shaped channel just above the 
drain. This mole-like channel was approximately 
7 cm wide and 7 to 15 cm high. The slit connecting 
the channel to the surface soil was partially filled with 
loose soil. Subsoiling at the intermediate depth (Si) 
resulted in the formation of a partial channel in the 
subsoil. The most shallow subsoiling ( S0 ) fractured 
the soil but did not form a channel. 
During the 3 weeks immediately following sub-
soiling, about 2.5 cm of rainfall had fallen. This was 
in addition to 8 cm of irrigation water. The channel 
was still present at this time, but the slit was partially 
filled. During the l 0 months following suhsoiling, 
there was winter freezing and thawing, spring rain-
fall of some 20 cm, and a 6-cm irrigation on May 
16, 1978. By this time the channels had completely 
disappeared but fracture planes were still visible in 
the soil. 
The drain flow data shown in Fig. 10 are typical 
of those obtained for all irrigations. Each drain had 
the greatest flow rate at the time when irrigation was 
terminated. At such time the water table was near 
the ground surface and some ponding had occurred. 
Maximum flow rates were proportional to the depth 
of subsoiling, namely S2 > S1 > So. Within 4 hours 
following an irrigation, ponding disappeared and 
flow rates decreased nearly ten-fold. A second ten-
fold decrease in flow rates occurred by the end of 24· 
hours. 
The maximum drain flow rates obtained at sev-
eral dates are shown in Fig. 11. These flow rates 
were measured under ponded conditions either after 
a rainfall or immediately following an irrigation. The 
ponding shown in the upper part of the graph was the 
average percentage of the land area covered with wa-
ter between drain numbers 1 and 4 (see Fig. 1). 
There was a large increase in flow rates for each 
of the three drains as a result of subsoiling. This can 
be seen by comparing the flow rates before and after 
suhsoiling. The large increase in flow rates as a re-
FIG. 9.-A vertical cross-section of the furrow for treatment 52 im-
mediately after subsoiling. Note the slit in the upper part of the photo-
graph and the channel-like cavity in the lower part. Subsoiling depth 
was 33 to 36 cm. 
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suit of subsoiling at the most shallow depth (So) in-
dicates the low permeability of the surface layer when 
it is not plowed for several years. For most irriga-
tions after subsoiling, the relative flow rates for the 
So, S1, and S2 drains were approximately 1, 1.5, and 
2, respectively. The relatively low flow rate for the 
S1 drain 3 weeks after subsoiling was a result of not 
sufficiently ponding the land area in the vicinity of 
this drain. For a particular drain, there was no sig-
nificant change in flow rates from the 26th through 
the 82nd week following subsoiling. 
The amounts of water removed by the drains 
under ponded and nonponded conditions are given in 
Fig. 12. Before subsoiling there was essentially no 
difference in the amount of water removed by the 
·three drains. ··Subsoiling over the drains resulted in 
approximately a three-fold increase in water removal 
during a 24-hour period. A major portion of this 
increase occurred when ponding existed in the field. 
Under ponded conditions, the deeper subsoiled drains 
(S1 and S2) removed 50 to 100% more water than 
the drain with shallow subsoiling (So). The S1 drain 
had the greatest flow during nonponded conditions 
since it received water from a greater land area (see 
Fig. 1). 
The amount of sediment in the drainage water 
was essentially identical to that obtained from drains 
which were trenched and backfilled. For the irriga-
tion of Sept. 6, 1978, the average sediment concen-
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FIG. 10.-Drain flow rates as affected by sub-
soiling directly above drains to different depths. The 
symbols S0 , S11 and S2 represent subsoiling to approxi-
mate depths of 16, 26, and 34 cm, respectively. Drain 
depth is 40 cm. 
tration was 14 mg per liter for the three drains. For 
the April 13, 1979, rainfall the sediment concentra-
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FIG. 11.-The effect of subsoiling depth on maximum drain flow rqte at various ·dates after subsoiling. 
The symbols S0 , S11 and S2 represent subsoiling to approximate depths of 16, 26, and 34 cm. 
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FIG. 12.-Effects of subsoiling directly above 
drains on water removal rates during ponded and non-
ponded conditions. The symbols 50 , 511 and 52 repre-
sent subsoiling to approximate depths of 16, 26, and 
34 cm, respectively. · 
tions were 190, 190, and '170 mg per liter, respective-
ly, for the S0 , S1 , and S2 drains. Respective drain 
flow velocities at the time of sampling were 0.55, 1.05, 
and 1.20 m 3 per day per meter length of drain. 
DISCUSSION 
For conditions at the experimental site, the ma-
jor effect of subsoiling or trenching and backfilling 
was to rapidly conduct ponded water to the drain. 
Although trenching and backfilling resulted in greater 
water removal, it did not increase the rate of water 
table drawdown, apparently because surface drainage 
was quite adequate at the site. Ponded water could 
move across the ground surface from areas with un-
trenched drains to areas with trenched drains. If 
dikes had been instaIIed midway between drains, for 
example, it is quite likely that drawdown vyould have 
been more rapid for the trenched drains. While 
drawdown was not measured for subsoiled drains, it 
would appear that drawdown results would be quite 
similar to those that· were trenched. 
The drainage effects of backfiII alterations re-
ported herein are probably greater than would pre-
yail under g:r:ain farming. TiIIage ·would result in 
greater amounts of detached soil particles that could 
clog channels and fissures in soil. Equipment traffic 
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would bring about soil compaction. There would 
be less moisture depletion by ,grain crops, and this 
would bring about faster deterioration of soil aggre-
gates. Each of these three processes would have a 
greater effect on the altered backfiII than on undis-
turbed soil. 
The effectiveness of subsoiling for increasing 
backfill permeability wiII depend 'on the amount of 
soil fracturing, and the latter wiII be greatly influ-
enced by soil moisture contents at the time of subsoil-
ing. B~cause of substantial amounts of soil moisture 
removal from this site by the grass-legume mixture, 
soil fracturing was probably much greater than one 
would. expect vyhere more shaIIow rooted, annual 
crops were grown. In some additional · subsoiling 
studies at the North Central Branch where corn was 
grown continuously for 3 years, the effect of subsoil-
ing directly over drains had little effect on drain flow 
rates (data not reported herein) . The subsoiling 
was done in October after corn harvest. The auth-
ors' observations were that soil moisture contents were 
too high to permit a high degree of soil fracturing. 
The effect of subsoiling depth on drain flow rates 
has some practical implications. The large increase 
in flow rates immediately foIIowing shaIIow subsoil-
ing ( S0 ) indicates that a fractured surface layer is 
highly permeable. Plowing these soils should increase 
the amount of water flowing into subsurface drains 
and decrease the amount moving across the ground 
surface. The subsoiling results also show that it is 
not necessary to extend a permeable backfill com-
pletely to the drain in order to irn;:rease drain flow 
rates. If subsoiling over drains should become a 
recommended practice, it will not be necessary to 
subsoil to drain depth where the danger exists for 
mechanical damage to the drain. 
The results of these studies indicate that surface 
water removal from slowly permeable soils can be 
greatly enhanced by a permeable backfiII. This has 
practical implications for the flat, clay soils that are 
slowly permeable and where surface water ponds for 
extended periods in depressional areas. ·Hydraulic 
connectors between the subsurface drains and the 
more permeable topsoil could greatly reduce the sur-
face water accumulation and lead to more uniform 
drying within the field. Various methods could be 
used to achieve such a permeable zone. Retrenching 
over existing drains may not be economicaIIy feasible, 
but chiseling or subsoiling at regular intervals may be 
justified. BackfiIIing the tn;nch with gravel or other 
stable, porous materials may also be feasible, depend-
ing on local availability and ,cost. Additional studies 
will be required to evaluate the longevity of enhanced 
permeability above subsurface drains resulting from 
these various options. 
SUMMARY 
A highly permeable backfill was created by 
trenching and backfilling and by subsoiling directly 
over drains installed 6 years earlier in an Ohio lake-
bed clay soil. The drains were 5 cm diameter plastic 
tubing installed at a 40 cm depth. The experimental 
site had a vegetative cover of grasses and legumes. 
The full potential of backfill alterat~ons could not be 
evaluated because of the limited hydraulic capacity 
of the drains. 
Trenching and backfilling increased flow rates 
by a factor of two to four during periods of ponding 
but had no effect on flow rates after ponding ceased. 
Trenching to drain depth gave greater flow rates than 
trenching to within 5 cm of the drain. Trenching 
and backfilling had no effect on water table draw-
down, apparently because of excellent surface drain-
age that diverted ponded water from untrenched 
drains to adjacent trenched ones. After 90 weeks, 
drain flow rates were essentially unchanged where 
trenching extended to within 5 cm of the drain but 
had declined 20 to 25 % where the trenching extended 
to the drain. 
Subsoiling to 16, 26, and 34 cm depths, respec-
tively, gave stepwise increases in drain flow rates dur-
ing periods of ponding. Subsoiling to 34 cm resulted 
in drain flow rates that were approximately the same 
as trenching to drain depth. The flow rates for sub-
soiled drains have not declined significantly after 82 
weeks. 
It is quite probable that the characteristics of the 
experimental site have affected the results reported 
herein. The continuous vegetative ·cover and the 
lack of tillage and equipment traffic should be favor-
able to maintaining large flow rates following the 
backfill alterations. The vegetation also would have 
aided in . depleting soil moisture to a considerable 
depth and thus permitted more effective fracturing 
of the soil during subsoiling. Since clay soils have 
relatively high structural stability, the longevity ef-
fects of backfill alteration would be much greater 
than for soils high in sand or silt. 
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FIG. 13.-Maximum drain flow rate (DfR) for each of the 12 drains before initiating the trenching 
and subsoiling treatments. Irrigation of August 2, 1977. The symbols S and T indicate, respectively, 
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BETTER LIVING IS THE PRODUCT 
of research at the Ohio Agricultural Research and Development Center. 
All Ohioans benefit from this product. 
Ohio's farm families benefit from the results of agricultural re-
search translated into increased earnings and improved living condi-
tions. So do the families of the thousands of workers employed in t~e 
firms making up the state's agribusiness complex. 
But the greatest benefits of agricultural research flow to the mil-
lions of Ohio consumers. They enjoy the end products of agricultural · 
science-the world's most wholesome and nutritious food, attractive 
lawns, beautiful ornamental plants, .and hundreds of consumer prod-
L;'Cts containing i_ngredients originating on the farm, in the greenhouse 
and nursery, or in the forest. 
The Ohio Agricultural Experiment Station, as the Center was called 
for 83 years, was established at The Ohio State University, Columbus, 
in 1882. Ten years later, the Station was moved to its present loca-
tion in Wayne County. In 1965, the Ohio General Assembly passed 
legislation changing the name to Ohio Agricultural Research and De-
velopment Center-a name which more ac~urately reflects the nature 
and scope of the Center's research program today. . 
Rese9rch at OARDC deals with the improvement of all agricul-
tural production and marketing practices. It is concerned with the de-
velopment of an agricultural product from germination of a seed or 
development of an embryo through to the consumer's dinner table. It 
is directed at improved human nutrition, family and child development, 
home management, and all other aspects of family life. It is geared 
to enhancing and preserving the quality of our environment. 
Individuals and groups are welcome to visit the OARDC, to enjoy 
the attractive buildings, grounds, and arboretum, and to observe first 
hand research aimed at the goal of Better Living for All Ohioans! 
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Ohio's major soil types 'and climatic 
conditions are represented at the Re-
search Center's 12 locations. ,, 
Research is conducted· by 15 depart-
ments on more than 7000 acres at Center 
headquarters in Wooster, eight branches, 
Pomerene Forest Laboratory, North Appa-
lachian Experimental Watershed, and 
The Ohio State University. 
Center Headquarters, Wooster, Wayne 
County: 1953 acres 
Eastern Ohio Resource Development Cen-
ter, Caldwell, Noble County: 2053 
acres 
Jackson Branch, Jackson, Jackson Coun-
ty: 502 acres 
Mahoning C<?unty Farm, Canfield: 275 
acres 
Muck Crops Branch, Willard, Huron Coun-
ty: 15 acres 
North Appalachian Experimental Water-
shed, Coshocton, Coshocton County: 
l 047 acres (Cooperative with Science 
and Education Administration/ Agri-
cultural Research, U. S. Dept. of Agri-
culture) 
Northwestern Branch, Hoytville, Wood 
County: 247 acres 
Pomerene Forest Laboratory, Coshocton 
. County: 227 acr~s 
Southern Branch, Ripley, Brown County: 
275 acres 
Vegetable Crops Branch, Fremont, San-
dusky County: l 05 acres 
Western Branch, South Charleston, Clark 
County: 428 acres 
